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EXECUTIVE SUMMARY 

This Water Conservation Strategic Plan (Plan) was developed in response to a request from the Flagstaff City 
Council to expand and improve water conservation efforts at the City of Flagstaff (City). This Plan aims to 
determine the appropriate investment in conservation-derived water savings in order to defer costly future 
water supply development and infrastructure. To this end, the Plan provides an assessment of current and future 
water conservation actions to ensure that conservation dollars and staff time are invested in strategies that 
provide the best return on investment and coverage of all sectors of the Flagstaff customer base.  

To complete ǘƘŜ tƭŀƴΣ ǘƘŜ /ƛǘȅΩǎ Water Conservation Program employed Maddaus Water Management Inc. 
(MWM) to meet the following overarching goals:  

1. Become a national leader in water conservation in all sectors (Council goal) 
2. Generate quantitative water conservation savings projections for use in Water Resources Master Plan 
3. Provide conservation guidance for next water rate study 
4. Ensure water conservation program expenditures result in broad community participation and return 

on investment 

During the strategic planning process, 11 conservation activities όǊŜŦŜǊǊŜŘ ǘƻ ŀǎ άƳŜŀǎǳǊŜǎέ ƛƴ ǘƘŜ ƳƻŘŜƭƛƴƎ 
effort) were selected from the Water Conservation ProgramΩǎ ŎǳǊǊŜƴǘ ŀŎǘƛƻƴǎ ŀƴd then were assessed for return 
on investment using a²aΩǎ quantitative benefit-cost computational model. In addition, Water Conservation 
staff worked with community stakeholders to select 11 additional conservation strategies that the program and 
utility could consider for the future. These additional activities also were processed through the model. The 
stakeholder engagement process was assisted by consultants from Southwest Decision Resources, who helped 
to recruit participants from groups throughout the Flagstaff community. 

After considering several combinations of current and future conservation activities, the Water Conservation 
Program and MWM compiled a selection that provided both good return on investment and coverage of all 
customer classes. This new combination of water conserving actions is known as the Optimized Conservation 
Program. When implemented, this new program will provide the best return on investment for conservation 
dollars spent; save the City money by avoiding future water production and supply costs; and accomplish the 
City /ƻǳƴŎƛƭΩǎ Ǝƻŀƭ ƻŦ ōŜƛƴƎ ŀ ƭŜŀŘŜǊ ƛƴ ǿŀǘŜǊ ŎƻƴǎŜǊǾŀǘƛon. Another outcome of this planning effort that will 
ŎƻƴǘǊƛōǳǘŜ ǘƻǿŀǊŘ ŘŜƳƻƴǎǘǊŀǘƛƴƎ CƭŀƎǎǘŀŦŦΩǎ ƴŀǘƛƻƴŀƭ ƭŜŀŘŜǊǎƘƛǇ ƛƴ ǿŀǘŜǊ ŎƻƴǎŜǊǾŀǘƛƻƴ ƛǎ ǘƘŜ ŀƭƛƎƴƳŜƴǘ ƻŦ ǘƘƛǎ 
plan with the elements of the Alliance for Water Efficiency G480 Leaderboard.1  

Optimized Conservation Program ς Proposed Program Overview 

By combining new initiatives with existing programs as part of a comprehensive strategy for long-term savings, 
the Optimized Conservation Program is expected to save approximately 690 additional acre-feet (AF) of water 
over the next 20 years at an additional annual investment of $45,000. This is in addition to the 1,300 AF the 
Current Conservation Program is expected to save if it continues operating as it has been. This quantification of 
water savings over the next 20 years will be critical information for the Water Resources Master Plan.  

The new water conservation programming includes proposed code changes, partnerships with K-12 and higher 
education institutions, opportunities for research and innovation, and expanded outdoor efficiency 
opportunities such as outdoor water budgeting for large irrigated areas.  

                                                           
1 G480 Standard and AWE Leaderboard web page: https://www.allianceforwaterefficiency.org/resources/topic/g480-
standard-and-awe-leaderboard 

https://www.allianceforwaterefficiency.org/resources/topic/g480-standard-and-awe-leaderboard
https://www.allianceforwaterefficiency.org/resources/topic/g480-standard-and-awe-leaderboard
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All the measures that make up the Optimized Conservation Program are listed as follows and described in more 
detail in Section 5.3:  

 

S Public Outreach and School Education 

S Innovation, Research, and Pilot Studies  

S Prohibit Water Waste and Practices  

S System Water Loss Control 

S Smart Meters 

S Water Rates (Pricing) 

S Outdoor Water Budgeting 

S Water Efficient Landscape Rebate 

S Landscape and Rainwater Retention Code 

S Commercial Rebates and Consultations 

S School Retrofits 

S Residential Indoor Water Consultations 

S High Efficiency Fixture Giveaway w/Spray Nozzles 

S High Efficiency Toilet Rebate (New) 

S Hot Water Recirculation Code 

S Showerhead and Faucet WaterSense Code 

 

The following figure presents historical and projected water demands for both the Current and Optimized 
Conservation Programs, along with the demand with and without plumbing code savings. Plumbing code 
elements include current local, state, and federal standards for retrofits of items such as toilets, showerheads, 
faucets, and pre-rinse spray valves.  

 

Figure ES-1. City of Flagstaff Historical and Projected Potable Water System Demands 

 



City of Flagstaff Water Conservation Strategic Plan 9 

1 PROJECT BACKGROUND 

The City of Flagstaff began earnest water conservation 
efforts in 1988 with a Water Conservation Ordinance that 
defined four levels of Water Availability Strategies as well as 
an enforceable definition of wasting water. The Water 
Conservation Program was established in 2003 in response 
to water deliveries exceeding safe production capability in 
the summer of 2002. While conservation regulations existed 
before that time, that summer was a watershed moment. 
After this event, the City elected to implement Water 
Availability Strategy 1: Water Awareness at all times, which 
required every-other-day watering based on the physical address.  

The Program is presently managed by two full-time staff and up to four part-time staff. Current conservation 
strategies include toilet, lawn, and rainwater harvesting rebates; a watering ordinance to lower peak demand 
and promote efficiency; tiered water rates for residential customers; ǿŀǘŜǊ άŎƻƴǎǳƭǘŀǘƛƻƴǎέ ŦƻǊ ŎƻƳƳŜǊŎƛŀƭ ŀƴŘ 
residential customers; and outreach and educational events throughout the year. 

Lƴ WŀƴǳŀǊȅ нлмтΣ ǘƘŜ CƭŀƎǎǘŀŦŦ /ƛǘȅ /ƻǳƴŎƛƭ ǎŜǘ ŀ Ǝƻŀƭ ǘƻ ŀƳǇƭƛŦȅ ǘƘŜ /ƛǘȅΩǎ conservation efforts to become more 
ǘƘŀƴ Ƨǳǎǘ ŀƴ !ǊƛȊƻƴŀ ƭŜŀŘŜǊΦ [ŀǘŜǊ ƛƴ нлмтΣ ǘƘŜ /ƛǘȅ ǿŀǎ ŀǿŀǊŘŜŘ ŦƛǊǎǘ ǇƭŀŎŜ ƛƴ ǘƘŜ bŀǘƛƻƴŀƭ aŀȅƻǊΩǎ /ƘŀƭƭŜƴƎŜ ƛƴ 
Water Conservation hosted by the Wyland Foundation. ¢ƘŜ /ƛǘȅΩǎ ŎǳǊǊŜƴǘ Ǝƻŀƭ ƛǎ ǘƻ ŎƻƴǘƛƴǳŜ ǎǘǊŜƴƎǘƘŜƴƛƴƎ 
efforts as a national leader in water conservation in all sectors. To assist with this goal, the City hired Maddaus 
²ŀǘŜǊ aŀƴŀƎŜƳŜƴǘ ǘƻ ŜǾŀƭǳŀǘŜ ǘƘŜ /ƛǘȅΩǎ ŎǳǊǊŜƴǘ ŎƻƴǎŜǊǾŀǘƛƻƴ ǎǘǊŀǘŜƎƛŜǎΣ ǘƻ ǎǳƎƎŜǎǘ ƛƳǇǊƻǾŜƳŜƴǘǎ ŦƻǊ 
optimizing programmatic costs and water savings, and to adjust existing or add new conservation activities. 
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1.1 Overview of City of Flagstaff and Its Municipal Water System 

Located on the southern edge of the Colorado Plateau, Flagstaff is the regional center and county seat for 
Coconino County. It is the largest city in northern Arizona with approximately 75,000 residents, 30,000 of whom 
are students at Northern Arizona University. At an elevation of 7,000 feet, Flagstaff is one of the highest elevation 
cities in the United States. There are on average 288 days of sunshine each year, and though the climate is semi-
arid, 23 inches of precipitation fall annually, including an average 100 inches of snowfall. Recent years have 
shown some shifts in precipitation patterns. Examples include instances where more precipitation fell as rain 
rather than as snow and the 2019 monsoon season which was the driest on record.2 In an average year, the City 
ƻŦ CƭŀƎǎǘŀŦŦΩǎ ǇƻǘŀōƭŜ ǿŀǘŜǊ ǎǳǇǇƭȅ Ŏƻƴǎƛǎǘǎ ƻŦ тл҈ ƎǊƻǳƴŘǿŀǘŜǊ ŀƴŘ ол҈ ǎǳǊŦŀŎŜ ǿŀǘŜǊΦ 

The City has nearly 15,000 single family residential water meters, 3,400 multifamily meters, and just over 2,000 
non-residential meters. In 2016, single family homes used 36% of potable water, multifamily residences used 
22%, and commercial properties used 26%. Water demand per capita has decreased by 47% since 1989, making 
per capita water use among the lowest in the state. Even though population has increased by 64% since 1989, 
total water production has remained steady. This reduction in per capita use has contributed to lower than 
ŀƴǘƛŎƛǇŀǘŜŘ Ŧƭƻǿǎ ƛƴ ǎƻƳŜ ǎŜŎǘƛƻƴǎ ƻŦ ǘƘŜ ŎƛǘȅΩǎ ƎǊŀǾƛǘȅ-fed sewer system along with an increase in the ratio of 
solids to liquids, which has been a growing challenging for the existing treatment infrastructure to process. 

1.2 Modeling Future Water Conservation Scenarios  

aŀŘŘŀǳǎ ²ŀǘŜǊ aŀƴŀƎŜƳŜƴǘΩǎ [Ŝŀǎǘ /ƻǎǘ tƭŀƴƴƛƴƎ 5ŜŎƛǎƛƻƴ {ǳǇǇƻǊǘ {ȅǎǘŜƳ ό5{{ aƻŘŜƭύ ǇǊŜǇŀǊŜǎ ƭƻƴƎ-range, 
water demand and conservation water savings projections to assess the impact of water efficiency programs. 
First developed in 1999 and updated continuously, the DSS Model is an end-use model that breaks down total 
water production (i.e., water demand in the service area) into specific water end uses (toilets, faucets, irrigation, 
ŜǘŎΦύΦ ¢Ƙƛǎ άōƻǘǘƻƳ-ǳǇέ ŀǇǇǊƻŀŎƘ allows for detailed criteria to be considered when estimating future demands, 
such as the effects of natural fixture replacement, plumbing codes, and conservation efforts. The purpose of 
using end-use data is to enable a more accurate assessment of the impact of water efficiency programs on 
demand. An additional purpose is to provide a rigorous and defensible modeling approach that is necessary for 
projects subject to regulatory or environmental review.  

The DSS Model can use one of the following combinations of savings projection models: 1) a statistical approach 
to forecast demands (e.g., an econometric model), 2) a forecasted increase in population and employment, 3) 
predicted future demands, or 4) a demand projection which is input into the model from an outside source. The 
DSS Model also evaluates conservation measures using benefit-cost analysis with the cost of water saved and 
benefit-cost ratio as economic indicators. The quantitative analysis is performed considering both benefits and 
costs from the perspective of the utility and the /ƛǘȅΩǎ customers. For example, the model accounts for the cost 
to the customer or the utility to implement the measure as well as the benefit to the customer or the utility in 
dollars and water saved. For the City of Flagstaff, the baseline potable demand without plumbing code savings 
used in this project was developed using the fourth option aboveτdemand projection input from an outside 
source. The demand projection used was the demand published in the !ǊƛȊƻƴŀ 5ŜǇŀǊǘƳŜƴǘ ƻŦ ²ŀǘŜǊ wŜǎƻǳǊŎŜǎΩǎ 
όADWR) Designation of Adequate Water Supply 2013,3 which is one scenario of many published in the Annual 
Report to the Water Commission.  

More background information about the DSS Model can be found in Appendix A.  

                                                           
2 Average Flagstaff monsoon season produces 8.31 inches of precipitation; the 2019 season produced only 2.08 inches.  

3 https://www.flagstaff.az.gov/2263/Adequate-Water-Supply-Designation 

https://www.flagstaff.az.gov/2263/Adequate-Water-Supply-Designation
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1.3 Purpose and Scope of Strategic Plan 

This purpose of this Plan is to provide a comprehensive water conservation strategy for the City of Flagstaff for 
the 2018-2040 time period. The scope of the plan included the following tasks: 

S Provide quantitative analysis of existing water conservation programming 
S Identify new water conservation opportunities 
S Determine prospects for leveraging City resources through partnership funding and identify potential 

challenges 
S Leverage local stakeholders for technical and community perspectives and recommendations to 

Commissions and City Council 
S Assess various water conservation actions for their feasibility and affordability 
S Consider mid- to long-term water supply concerns due to population growth and climate change 
S Evaluate ǘƘŜ /ƛǘȅΩǎ ŎǳǎǘƻƳŜǊ ōƛƭƭing rates and structures for their effectiveness at promoting 

conservation and against other regional and national leaders in water conservation 
S Demonstrate City of CƭŀƎǎǘŀŦŦΩǎ ŎƻƳƳƛǘƳŜƴǘ ǘƻ ǿŀǘŜǊ ŎƻƴǎŜǊǾŀǘƛƻƴ on the state and national scale 

The Plan also incorporates the following overarching goals:  

S Long-term benefits ς reinforce the positive impact of water 
conservation on water supplies and infrastructure 
investments.  

S Community empowerment ς outline actions that can be 
taken by all sectors of the community to achieve water 
efficiency and provide guidance on how the City of Flagstaff 
can best support all sectors in achieving these goals. 

S Social Equity ς detail impacts on different communities and 
groups in Flagstaff, and how the implementation will reach 
and benefit all members of the Flagstaff community. 

S Community Values ς inspire a conservation ethic/identity for 
City staff, residents, and businesses.  

1.4 Plan Development and Project Timeline 

In late 2017, the City of Flagstaff issued a Request for Proposals seeking a qualified consultant to develop a 
complete Water Conservation Strategic Plan. After a review and scoring by senior staff of the proposals received, 
the City awarded the contract to MWM.4 A Professional Services Agreement was completed by all parties on 
May 3, 2018, including a draft work plan and timeline. 

Between May 2018 and January 2019, the City worked closely with MWM to compile extensive historical data 
on the region, the CityΩǎ service area, conservation measures, production, consumption, weather, and various 
census data points. Together, these formed the foundation for the DSS Model. The City project team utilized the 
template Data Collection Workbook provided by MWM to compile and verify data. This effort was assisted by 
an additional outside consultant group, Montgomery & Associates, who were able to assess bulk data from the 
/ƛǘȅΩǎ ŎǳǎǘƻƳŜǊ ōƛƭƭƛƴƎ ǎȅǎǘŜƳ ŀƴŘ ŎƻƳōƛƴŜ ŀƭƭ ƳŜǘŜǊǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǘƘŜ ǎŀƳŜ ŀŘŘǊŜǎǎ ƛƴǘƻ ƻƴŜ ŎǳǎǘƻƳŜǊ Řŀǘŀ 
point. Prior to this effort, large customers, such as medical facilities or large apartment complexes, were listed 
as multiple users in the dataset due to the property having multiple service meters, which affected the accuracy 
of an analysis. The project team at MWM verified and tested data against historical records to ensure measure 
design logic and accuracy throughout development of the DSS Model. 

                                                           
4 http://maddauswater.com/ 

http://maddauswater.com/
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MWM reviewed existing City practices and procedures to create a comprehensive list of water use conservation 
measures currently in place. MWM also reviewed relevant literature and practices of other agencies to 
determine potential measures that could be implemented by the City. MWM used its master potential measures 
database and followed the process outlined in the American Water Works Association (AWWA) Manual M52 
Water Conservation Programs ς A Planning Manual (AWWA, 2017).  

In August 2018, the City met with MWM to discuss the model, method and approach to screening measures; 
how to conduct public outreach; and next steps. In September 2018, the City received the Measure Screening 
Template. The City developed screening criteria including water savings potential, account saturation, 
equitability, community and social acceptance, and feasibility of implementation related to cost and staff time. 
Then, City staff screened 130 potential conservation measures and began the outreach process to seek 
stakeholder input on the screened conservation measures.  

After further review and sorting by the project team at MWM, a list of potential water use conservation 
measures was developed and presented to the City Water Commission in March 2019. The City Council approved 
the list of conservation measures to be modeled on April 30, 2019.  

Throughout the planning process, the City and MWM conducted conference calls and online meetings, to 
complete the DSS Model, which is a robust design for each of the 22 measures modeled. In the model, for each 
measure the City identified staff time, fixture costs, applicable customer classes, time period of implementation, 
measure life, administrative costs, end uses, end-use savings per replacement, and a target number or 
percentage of accounts per program year.  

Based on the approved measures, the presentation of results to the Advisory Committee and Water Commission 
for review and feedback, and the completion of the DSS Model, the City-recommended Optimized Conservation 
Program was presented to and approved by the City Council on December 3, 2019. At this time, the City Council 
gave staff direction to proceed with finalizing the Optimized Conservation Program. 

The draft and final versions of the Water Conservation Strategic Plan were developed from 2018-2020. A final 
draft of the Plan was presented for public review to the City Council on December 1st, 2020 and final comments 
were incorporated into this document.  

Summary List of Milestones Completed in the Planning Process for Adoption and Implementation: 

S Prepare Draft Work Plan and review timeline 
S Identify current and potential Water Use Efficiency (WUE) measures with the Stakeholder Group and 

outreach efforts 
S Determine full cost of current WUE measures 
S Conduct cost-effectiveness/benefit-cost analysis on WUE measures 
S Set goals and priorities 
S Identify strengths and weaknesses for current and potential WUE measures 
S Prepare draft program scenarios for City Council consideration and direction  
S Prepare Draft Water Conservation Strategic Plan and bring to City Council for public comment 
S Finalize Water Conservation Strategic Plan 
S Finalize Implementation Plan  
S Implement, monitor, and evaluate performance versus model results 

1.5 Public Participation in the Strategic Planning Process 

The City of Flagstaff Water Conservation staff, with support from the City Council, embarked on a diverse 
strategy of stakeholder engagement over the course of the strategic planning process, including the screening 
of conservation measures. This effort involved convening an Advisory Committee and a broader Stakeholder 
Group; garnering input from the general public; and working with a local facilitation consulting group to ensure 
successful public outreach. Details in the Acknowledgements outlines who participated in leading this effort and 
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the specifics of the public outreach efforts, such as visual aids presented and survey language used, is located in 
Appendix D ς Public Outreach Details.  

1.5.1 Advisory Committee 

The Advisory Committee was comprised of community stakeholders with a direct link to water conservation and 
a technical or professional interest in the topic. Members came from the following public interest groups: 

S Water Commission 
S Sustainability Commission  
S Commercial Landscaping Industry 
S Northern Arizona University 
S Sustainability Section 
S Parks and Recreation Department 

S Planning Department 
S Economic Vitality Department 
S Northern Arizona Building Association 
S Hotels, Lodging, and Restaurant Industries 
S Institute for Tribal Environmental 

Professionals 

1.5.2 Stakeholder Group 

The broader Stakeholder Group included all members of the Advisory Committee (as listed above) as well as the 
following groups:  

S Coconino County Master Gardeners 
S Southside Neighborhood Association 
S Flagstaff Water Group 
S Flagstaff Commercial Brewing Industry 
S Coconino County Sustainable Building Program 
S /ƛǘȅ ƻŦ CƭŀƎǎǘŀŦŦ /ƻƴǾŜƴǘƛƻƴ ŀƴŘ ±ƛǎƛǘƻǊΩǎ .ǳǊŜŀǳ 

S Terra BIRDS 
S Commercial Architecture Industry 
S Commercial Property Management Industry 
S Sierra Club 
S Willow Bend 
S Students from Flagstaff High School 

1.5.3 Input from the General Public 

Input from the general public was garnered throughout the strategic 
planning process. Venues for this feedback were as follows:  

S Surveys 
o Online ς City website/Strategic Plan page 
o In-person ς handed out at Flagstaff Festival of Science 

2019 
S Public events 

o Open House ς Flagstaff Festival of Science 2018 
o Tabling ς Flagstaff Festival of Science 2019 

S Neighborhood/club meetings5 
o Friends of the Rio de Flag 
o Sierra Club 
o Soroptimists  
o La Plaza Vieja Neighborhood Association 

1.5.4 Key Outcomes from Public Outreach Effort  

The stakeholder engagement over the course of the process provided the following guidance and direction for 
the Plan draft: 

S Reduction of 38 conservation measures down to the final 22 measures for inclusion in the DSS Model 
S Insights on how to build each future measure to fit the City of CƭŀƎǎǘŀŦŦΩǎ ƴŜŜŘǎ 

                                                           
5 Other clubs and interest groups were recruited over the course of the strategic planning process; those unable to meet 
with the conservation team during the draft completion process were recruited again later to discuss content of the final 
plan and implementation draft. 
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S Approval of the Optimized Conservation Program  
S General feedback on importance of Water Conservation to the City of FlagstaffΩǎ community 
S Ideas for the implementation of the Optimized Conservation Program, including opportunities and 

challenges 
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2 HISTORICAL AND CURRENT POTABLE WATER USE AND 

CONSERVATION EFFORTS 

This section presents information about the analysis of the /ƛǘȅΩǎ water use patterns, which was based on 
collected historical water production, consumption, and water loss data. Also provided is a summary of the CityΩǎ 
past and current conservation efforts.  

2.1 Historical Data Collection 

Thorough collection and review of historical data relevant to this effort was organized into a Data Collection 
Workbook created for the City by MWM. This workbook was populated by City staff and reviewed collaboratively 
with MWM. The following table presents the data topics and data items requested, gathered, and stored in the 
CityΩǎ 5ŀǘŀ /ƻƭƭŜŎǘƛƻƴ ²ƻǊƪōƻƻƪΦ 

Table 2-1. Data Collection Workbook Topics and Items Requested 

Topic Items Requested 

Historical Data 

¶ Abnormal Years  

¶ Customer Category 

Descriptions 

¶ System Input Volume 

(Production) 

¶ Consumption and Accounts 

¶ Cost of Water 

¶ Maximum Day Demand  

¶ Capital Improvements 

¶ Top 100 CII Users 

¶ SF Water Rates 

¶ COM Water Rates 

¶ COM Account Closures 

¶ SF Lot Sizes  

¶ Avoided Groundwater Costs 

Demographic 
Data 

¶ Population 

¶ Jobs 

¶ Historical Weather 

¶ Unemployment 

Conservation 

¶ Conservation Targets 

¶ Historical Conservation 

¶ Water System Audits 

¶ Water Loss Questionnaire 

¶ Landscape Area Measurement 

¶ CII Classification 

Other ¶ New Development Ordinances ¶ ADWR Planning Guidance  

Note: CII = Commercial, Industrial, and Institutional; SF = single family; COM = commercial. 

Using monthly production, consumption,6 and account values provided by the City, MWM and the City staff 
confirmed the number and types of customers within the City service area. Several follow-up data review actions 
were conducted by the City staff and/or MWM as a master City database was mined for valuable information 
and the unique customer categories to be tracked were identified. Data from each customer category was 
analyzed separately. Monthly production data from 1999 to 2017 was reviewed. Due to the labor-intensive 
process of extracting monthly use and account data by the selected customer categories, a smaller subset of 
monthly consumption data (2011 to 2017) was analyzed and used to derive typical average water use per 
account per day. Based on ǘƘŜ /ƛǘȅΩǎ water billing system, residential water use was further broken down into 
single family and multifamily categories. Historical data was segregated into indoor and outdoor water use by 
customer type using monthly billing data. Average daily commercial, institutional, and manufacturing water use 

                                                           
6 Consumption data was pulled from Innoprise billing database and compared to numbers in each annual Report to the 
Water Commission. In cases where the total consumption published in the Report to the Water Commission and the data 
pulled from Innoprise differed for a particular category, an adjustment factor was applied to the Innoprise data. For 
example, if the Report to the Water Commission reported 10 AF for hypothetical customer category Breweries in 2015 and 
the Innoprise data showed 8 AF for Breweries in 2015, an adjustment factor of 1.25x was applied to all 2015 Breweries data.  
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was expressed on a gallons-per-account basis; restaurants and hotels were broken out of the commercial rate 
class. 

2.2 Production versus Consumption 

¢ƘŜ /ƛǘȅΩǎ Ƙistorical monthly potable water production and consumption data is illustrated in Figure 2-1 on the 
following page. In the figure, tƘŜ /ƛǘȅΩǎ Ƴonthly water production from groundwater and surface water sources 
is displayed from 1998 through 2017. Water production data was measured at the respective sources, whereas 
consumption data was measured at the customer meters. Consumption data was analyzed for the years 2011 
through 2017;7 data prior to 2011 was not readily available for the customer categories analyzed due to a change 
in City software. An average water loss of 11% non-revenue water (NRW) was estimated for 2014 through 2016 
based on the difference between production and consumption.  

 

 

 

                                                           
7 The process was so labor-intensive, another consulting group (Erroll L Montgomery & Associates Inc) was brought on 
board to assist in merging together all meters that belonged to a single address. Unfortunately, prior to this effort, every 
meter was listed as its own account. Therefore, a large customer, such as a medical facility, would be listed as multiple 
separate accounts rather than as a single user. It is also important to note that when the City switched billing software in 
2016, there were a number of errors in the billing system and the importation of April 2011ςApril 2016 data from the old 
system was performed without significant quality control. 
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Figure 2-1. Potable Water Production and Consumption, 2011-2017  

  

Note: Consumption data prior to April 2011 was not readily available for the customer categories analyzed. 
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2.3 Consumption by Customer Category 

¢Ƙƛǎ ǎŜŎǘƛƻƴ ǇǊŜǎŜƴǘǎ ǘƘŜ /ƛǘȅΩǎ ǇƻǘŀōƭŜ ŎǳǎǘƻƳŜǊ ŎŀǘŜƎƻǊƛŜǎ ŀnd the distribution of water use among them. 
Historical monthly water use by customer category can be found in Appendix B. 

The City has several types of potable water users with approximately 20,249 active connections, all of which are 
metered. For the purpose of this analysis, current and projected user categories are classified as follows:  

S Single Family 

S Multifamily 

S Commercial 

S Hotels and Motels 

S Restaurants 

S Manufacturing 

S Higher Education 

S Landscape 

S Other  

Figure 2-2 presents the water use profile of the ǾŀǊƛƻǳǎ ǳǎŜǊ ŎŀǘŜƎƻǊƛŜǎΩ average annual billed consumption 
based on data from 2012-2017. It excludes 2016 for the Multifamily and Restaurants customer categories due 
to several months of software transition issues.  

Figure 2-2. Average Potable Water System Consumption by User Category, 2012-2017 

 
The same dataset from 2012-2017 was also analyzed to approximate the percentages of potable water used 
indoors and outdoors. According to the analysis provided for this Plan, aǇǇǊƻȄƛƳŀǘŜƭȅ тс҈ ƻŦ ǘƘŜ /ƛǘȅΩǎ potable 
water is used indoors. Figure 2-3 shows the breakdown of indoor and outdoor water consumption, based on the 
assumption that indoor use is approximately equal to winter consumption. While there may be a small amount 
of landscape watering in the winter or leakage from irrigation systems, it is assumed that this is less than 5-10% 
of winter water use.  

Multifamily, 19.5%

Single Family, 36.4%
Commercial, 16.0%

Hotels and Motels, 
8.5%
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Manufacturing, 4.2%
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Figure 2-3. Average Potable Water System Indoor versus Outdoor Overall Water Use, 2012-2017 

 

2.4 Historic and Current Conservation Program 

In 1988, the City of Flagstaff passed a Water Conservation Ordinance that established every-other-day irrigation 
requirements by physical address and defined four Water Conservation Strategy levels (later reduced to three 
in 2003) (Flagstaff City Code: 7-03-001-0014). Since the Water Conservation Program was established in 2003, it 
has provided a variety of rebates, including high efficiency washing machines, high efficiency toilets and urinals, 
rainwater catchment installations, and lawn conversions. In addition, the program has provided general water 
conservation outreach and free efficient fixtures, including showerheads, aerators, and pre-rinse spray valves. 
In 2011, the City also passed an amendment to the International Plumbing Code to require a maximum 1.3 
gallons per flush for newly installed toilets (Ordinance 2011-12, July 19, 2011). This was followed by a 2013 
amendment that required public facilities to install urinals with a maximum 1 pint flush (Ordinance 2013-19, 
August 26, 2013).8  

As of 2019, the Water Conservation Program provides the following: 

S Public Education and Outreach 

o Water Conservation staff conduct general outreach such as time spent on tabling, talks for 
schools and community groups, the annual Arizona Water Awareness Month and Wyland 
Foundation bŀǘƛƻƴŀƭ aŀȅƻǊΩǎ /ƘŀƭƭŜƴƎŜ ŦƻǊ ²ŀǘŜǊ /ƻƴǎŜǊǾŀǘƛƻƴ efforts, and the annual 
partnership with Arizona Project Water Education Today (WET).9  

S Water Conservation Ordinance Enforcement 

o Staff drive or bike around town in the summer months to ensure that residents are abiding by 
the every-other-day watering code. Enforcement strategy includes an initial conversation with 
the resident to remind them of the code (and provide them with materials such as a magnet 
with the watering schedule and a hose nozzle) then escalates to a warning followed by a fine.  

                                                           
8 All City of Flagstaff codes are published online: https:// www.codepublishing.com/AZ/Flagstaff/ 

9 https://www.projectwet.org/ 

Indoor, 75.9%

Outdoor, 24.1%

https://www.codepublishing.com/AZ/Flagstaff/
https://www.projectwet.org/
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S  Water Efficient Landscape Conversions 

o Residents receive $0.25 per square foot of lawn that is replaced with low water plants. 
Applicants must provide a site plan of new plants, plants must cover approximately 50% of 
replaced space, and no more than 20% of the retrofitted area can be covered with rock.  

S Rainwater Container Program 

o Staff receive barrels from Joy Cone (local ice cream cone 
manufacturer) and retrofit them into 55 gallon rain barrels. The 
barrels are then provided to residents who have attended a rain 
barrel workshop. Occasionally, 270 gallon containers are 
available from the water treatment plant for this purpose as 
well. Finally, if a resident installs an active rainwater capture 
feature with a capacity of more than 1,000 gallons, that resident 
is eligible for a $100 rebate.  

S Commercial Programming 

o Staff audit commercial businesses to assess fixture efficiency 
across an entire property. Then, these businesses are eligible to 
apply for rebates or to enroll in the Water Wise Business 
program.  

S Residential Consultations 

o Staff audit residential homes to assess fixture efficiency. High efficiency showerheads and 
aerators are provided to any resident who wants them.  

S High Efficiency Fixtures 

o High efficiency showerheads, aerators, and pre-rinse spray valves are provided to the public at 
no charge.  

S High Efficiency Toilet Rebates 

o Residents can receive $50 for converting their pre-2009 toilet to a 1.3 gallons per flush (gpf) 
toilet. They can receive an additional $50 if the new toilet has a flush volume lower than 1.3 gpf.  
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3 BASELINE WATER DEMANDS 

The Plan water and cost saving calculations are based on projected potable water demands for the City of 
Flagstaff. This forecast is based on the Arizona Office of EconomƛŎ hǇǇƻǊǘǳƴƛǘȅΩǎ нлмт population estimate of 
72,961, the CityΩǎ growth rate of 2.2% over the decade (2000-2010), and a per capita water use estimate of 104 
gallons per capita per day (GPCD). The 104 GPCD rate is ǘƘŜ /ƛǘȅΩǎ ŎŀƭŎǳƭŀǘŜŘ 5-year average per capita water use 
across all uses. The baseline demand also includes the estimated 5-year average NRW of 11%. The assumptions 
that have the most substantial effect on future demands are estimated real water losses and residential and 
commercial use projections, including water fixture use. This includes estimates of average water use and 
longevity for fixtures and appliances. Additionally, local, state, and national plumbing codes and appliance 
standards for toilets, urinals, showers, and clothes washers are modeled by customer category. This yields two 
potable demand forecasts: one with plumbing code savings and one without plumbing code savings. The 
demand projection with plumbing code savings assumes that Water Services takes no further water conserving 
actions, but does benefit from local, state, and federal codes that limit water consumption across fixtures and 
devices. Since the plumbing code requires purchase of more efficient water fixtures, it is estimated that the 
CityΩǎ customers will save 0.40% of their total demand each year as they replace older fixtures with new, more 
efficient ones. 

Figure 3-1. Potable Water System Demand Projection to 2040 

 

! ƳƻǊŜ ŘŜǘŀƛƭŜŘ ǎǳƳƳŀǊȅ ƻŦ ƪŜȅ ŀǎǎǳƳǇǘƛƻƴǎ ǳǎŜŘ ƛƴ ǘƘŜ /ƛǘȅΩǎ tƻǘŀōƭŜ 5{{ aƻŘŜƭ Ŏŀƴ ōŜ found in Appendix A 
ς DSS Model Overview and Assumptions.
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4 WATER CONSERVATION IN  RESOURCE PLANNING 

Water Conservation is regarded as equal to other water supply options ƛƴ ǘƘŜ /ƛǘȅ ƻŦ CƭŀƎǎǘŀŦŦΩǎ ǿŀǘŜǊ ǊŜǎƻǳǊŎŜ 
planning efforts. As an example, beginning in the mid 1990s, the City started transitioning 2,000 AF of potable 
water a year (1/5 of total annual demand) to reclaimed water. When the City conducts supply and demand 
forecasting analyses, the estimated water made available through conservation is a part of the supply portfolio. 
This is evident in the Water Resources Chapter of the /ƛǘȅΩǎ 2011 Utilities Integrated Master Plan (City of 
Flagstaff, 2011) and will be included again as a supply in the 2020-2021 update.  

4.1 Water Conservation as a Source of Supply 

hƴŜ ǿŀȅ ǘƘŜ /ƛǘȅ ŜǾŀƭǳŀǘŜǎ ŎƻƴǎŜǊǾŀǘƛƻƴ ŀǎ ŀ ǎǳǇǇƭȅ ƛǎ ōȅ ŎƻƳǇŀǊƛƴƎ ǿŀǘŜǊ ǎǳǇǇƭȅ ƴŜŜŘǎ ŀƎŀƛƴǎǘ ŘƛŦŦŜǊŜƴǘ ǇŜǊ 
ŎŀǇƛǘŀ ǿŀǘŜǊ ǳǎŜ ǎŎŜƴŀǊƛƻǎΦ Figure 4-м ƛƭƭǳǎǘǊŀǘŜǎ ǘƘŜ /ƛǘȅΩǎ ŎǳǊǊŜƴǘ ǿŀǘŜǊ ǎǳǇǇƭȅ ǎǘǊŀǘŜƎȅΦ CƻǊ ŜȄŀƳǇƭŜΣ !5²w 
ƛǎǎǳŜŘ ǘƘŜ /ƛǘȅ ŀ 5ŜǎƛƎƴŀǘƛƻƴ ƻŦ !ŘŜǉǳŀǘŜ ²ŀǘŜǊ {ǳǇǇƭȅ ƛƴ нлмоΦ ¢ƘŜ 5ŜǎƛƎƴŀǘƛƻƴ ƛŘŜƴǘƛŦƛŜŘ фΣфмо !C¸ όŀŎǊŜπŦŜŜǘ 
ǇŜǊ ȅŜŀǊύ ƻŦ ƭƻŎŀƭ ƎǊƻǳƴŘǿŀǘŜǊ ό[ŀƪŜ aŀǊȅΣ ²ƻƻŘȅ aƻǳƴǘŀƛƴ ŀƴŘ ƭƻŎŀƭ ǿŜƭƭ ŦƛŜƭŘǎύΣ оΣрур !C¸ ŦǊƻƳ ¦ǇǇŜǊ [ŀƪŜ 
aŀǊȅΣ мсΣрлл !C ̧ŦǊƻƳ wŜŘ DŀǇ wŀƴŎƘΣ ŀƴŘ нΣнмн !C¸ ƻŦ ǊŜŎƭŀƛƳŜŘ ǿŀǘŜǊ ŀǎ ŀǾŀƛƭŀōƭŜ ǎǳǇǇƭƛŜǎ ǘƻ ƳŜŜǘ млл ȅŜŀǊǎ 
ƻŦ ǇǊƻƧŜŎǘŜŘ ǿŀǘŜǊ ŘŜƳŀƴŘΦ ²ƘƛƭŜ !5²w ŘƻŜǎ ƴƻǘ ƛƴŎƭǳŘŜ ǎŎŜƴŀǊƛƻ ǇƭŀƴƴƛƴƎ ƛƴ ǘƘŜ 5ŜǎƛƎƴŀǘƛƻƴΣ ǿŀǘŜǊ ŘŜƳŀƴŘ 
ƛǎ ōŀǎŜŘ ǳǇƻƴ ŀ ƘƛǎǘƻǊƛŎŀƭ ǇƻǇǳƭŀǘƛƻƴ ƎǊƻǿǘƘ ǇǊƻƧŜŎǘƛƻƴ ƻŦ мΦпп҈ ŀƴƴǳŀƭƭȅΦ ¢ƘŜ /ƛǘȅ ƛƴŎƻǊǇƻǊŀǘŜǎ ŀ ƎŀƭƭƻƴπǇŜǊπ
ŎŀǇƛǘŀ ǊŜŘǳŎǘƛƻƴ ŘǳŜ ǘƻ ŎƻƴǎŜǊǾŀǘƛƻƴ ŀƎŀƛƴǎǘ ǘƘƛǎ ƎǊƻǿǘƘ ǇǊƻƧŜŎǘƛƻƴ ǘƻ Ǉƭŀƴ ŦƻǊ ǿŀǘŜǊ ǎǳǇǇƭƛŜǎ ŀŎŎƻǊŘƛƴƎƭȅΦ ¢ƘŜ 
ǳǇŘŀǘŜŘ ²ŀǘŜǊ wŜǎƻǳǊŎŜǎ aŀǎǘŜǊ tƭŀƴ ǿƛƭƭ ōŜ ǘƘŜ ŦƛǊǎǘ ǘƻ ōŀǎŜ ŦǳǘǳǊŜ ǎǳǇǇƭȅ ƴŜŜŘǎ ƻƴ ŀ Ǌƻōǳǎǘ ŀƴŀƭȅǎƛǎ ƻŦ ǿŀǘŜǊ 
ŎƻƴǎŜǊǾŀǘƛƻƴ ƛƴ ǘƘŜ ŎƻƳƳǳƴƛǘȅΦ  

Figure 4-1. Future Water Supply and Demand Forecast, 2020ς2050 
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4.2 Recommendation for Further Study of Flagstaff Water Rates 

Water Rate Studies are often performed every two to five years. The City last completed a Water, Sewer and 
Stormwater Rate Study in 2015. Periodic rate studies ensure that revenue can keep pace with utility costs. If 
ǊŀǘŜǎ ŀǊŜ ƴƻǘ ƛƴŎǊŜŀǎŜŘ ŦƻǊ ȅŜŀǊǎ ŀǘ ŀ ǘƛƳŜΣ ǳǘƛƭƛǘƛŜǎ ƻŦǘŜƴ ƘŀǾŜ ǘƻ ƛƳǇƭŜƳŜƴǘ ƭŀǊƎŜ ƛƴŎǊŜŀǎŜǎ ǘƻ άŎŀǘŎƘ-ǳǇέ ǘƻ 
actual expenses. These large increases are politically challenging, making it best practice to implement small 
yearly increases rather than no adjustments for several years followed by a large increase. 

[ƻƻƪƛƴƎ ŀƘŜŀŘ ǘƻ ǘƘŜ /ƛǘȅΩǎ ƴŜȄǘ ǊŀǘŜ ǎǘǳŘȅ όǎŎƘŜŘǳƭŜŘ ǘƻ occur in FY21), following the completion of this Water 
Conservation Strategic Plan, the City should explore rate pricing objectives that include conservation, 
affordability, equity, simplicity, and revenue stability. Both the future estimates for conserved water and 
stakeholder feedback on pricing objectives should be used to inform rate structure design. Two requests were 
ƳŀŘŜ ōȅ ǎǘŀƪŜƘƻƭŘŜǊǎ ŘǳǊƛƴƎ ǘƘŜ ǎǘǊŀǘŜƎƛŎ ǇƭŀƴƴƛƴƎ ǇǊƻŎŜǎǎ ŦƻǊ ŎƻƴǎƛŘŜǊŀǘƛƻƴ ƛƴ ǘƘŜ /ƛǘȅΩǎ ƴŜȄǘ ǊŀǘŜ ǎǘǳŘȅΥ 

1. Higher rates on water used outdoors (e.g., landscape meters, sewer usage estimates) 

2. Tiered rates for customer classes outside single family residential 

It is important to note that other utilities have found the implementation of tiered rates for non-residential 
classes challenging due to the non-homogenous needs of non-residential customers. The City should explore 
ǘƘŜǎŜ ǘƻǇƛŎǎ ǿƛǘƘ ǎǘŀƪŜƘƻƭŘŜǊǎ ǘƻ ŜƴǎǳǊŜ ǘƘŀǘ ŀ ŦǳǘǳǊŜ ǊŀǘŜ ŘŜǎƛƎƴ Ŧƛǘǎ ǘƘŜ ŎƻƳƳǳƴƛǘȅΩǎ ŘŜǎƛǊŜǎΦ DƛǾŜƴ ǘƘŀǘ ǘƘŜ 
/ƛǘȅΩǎ ƭŜŀŘŜǊǎƘƛǇ ŀƴŘ ǎǘŀƪŜƘƻƭŘŜǊǎ ƘŀǾŜ ŎƻƳƳƛǘǘŜŘ ǘƻ ŎƻƴǎŜrvation as a critically important future water supply, 
the next rate study should evaluate pricing models that encourage conservation while keeping in mind social 
equity. 
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5 CONSERVATION MEASURE EVALUATION  

An important step in updating the /ƛǘȅΩǎ ǿŀǘŜǊ ŎƻƴǎŜǊǾŀǘƛƻƴ ǇǊƻƎǊŀƳ ƛƴŎƭǳŘŜŘ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ƻŦ ƴŜǿ ƳŜŀǎǳǊŜǎ 
(or water conserving actions) that could be appropriate for the City of Flagstaff to consider. 

5.1 Initial Screening of Conservation Measures 

A thorough screening process was necessary to achieve a short enough list of measures for evaluation in the DSS 
Model. The initial review of the list of 130 measures was conducted by Water Resources and Conservation 
Section staff using the following qualitative criteria:  

S Water Savings Potential ς ŜƳǇƘŀǎƛǎ ƻƴ ƳŜŀǎǳǊŜΩǎ ŀōƛƭƛǘȅ ǘƻ ǊŜŘǳŎŜ ǿŀǘŜǊ ǳǎŜ ŀƴŘ ŎǳǊǊŜƴǘ ƭŜǾŜƭ ƻŦ 
saturation 

o Higher savings = 5 (e.g., high end use water savings, low saturation), lower savings = 0 (e.g., 
low end use savings, or very saturated)  

S Quantifiable ς can verify and quantify water savings for dollars spent 
o Emphasis on measures where water savings can be accurately predicted 

S Cost/Benefit ς can verify and quantify avoided cost of water savings for dollars spent on the 
conservation program 

o Highly quantifiable/cost-effective = 5 (e.g., substantial evidence exists to demonstrate reliable, 
accurate conservation savings), measure savings not quantifiable/high cost-to-savings ratio = 0 

S Longevity of Measure ς emphasis on savings lifetime/reliability  
o Permanent = 5 (e.g., codes and technological changes ensure future reliable savings); short, 

temporary savings/behavioral change = 0 
S Community Preference ς emphasis on willingness to participate, out of pocket expenses, 

equity/perceived fairness, aesthetics 
o High expected participation = 5, low expected acceptance/reject mandatory participation = 0 

S Feasibility ς emphasis on ability to achieve objectives/staff time/financial ability 
o Fully within City capacity/legally possible = 5, fatally flawed = 0 (e.g., insurmountable obstacle 

to implementation, not in /ƛǘȅΩǎ control) 
S Additional Benefits ς emphasis on achieving additional goals including reduction in energy/greenhouse 

gas emissions and/or reduction in peak season use, providing valuable customer service, or other non-
quantifiable benefits (e.g., behavioral change, public awareness) 

o Contributes to /ƛǘȅΩǎ goals/programs (e.g., Climate Action Plan, Low Impact Development, 
Water Quality) and/or multiple benefits = 2, singular or very limited benefits = 0 

This process allowed staff to narrow down the list to 38 potential measures (including those in the Current 
Conservation Program) for further input. The second round of measure screening, which was provided by the 
Advisory Committee, Stakeholder Group and general public input, is detailed in the following section.  

5.2 Advisory Committee, Stakeholder Group, and General Public Screening of 
Conservation Measures 

After the City of Flagstaff Water Resources Section staff reduced the measures down to a list of 38, the Advisory 
Committee, the Stakeholder Group, and members of the general public provided input on which measures were 
the highest priority to the City of FlagstaffΩǎ community. This input was gathered through public surveys and 
community meetings. Community members were asked to review the list of measures and to indicate their 
preferences. The end result of these efforts was the reduction of the measure list from 38 to 22. Much of this 
work was facilitated by the team at Southwest Decision Resources, a local consulting group with expertise in 
facilitating public input for strategic planning processes. Full details on the public outreach efforts, such as visual 
aids and survey language, are located in Appendix D ς Public Outreach Details.  
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5.3 Conservation Measures Analyzed 

The measures that were included in the modeling effort were selected by City staff and members of the public 
via the processes in the previous two sections. These two processes were shaped by both utility need and 
community preference. As an example, the challenges for the municipal sewer system that were described in 
section 1.1 steered the process toward more outdoor measures and away from measures such as gray-water 
retrofits that remove needed effluent from the system. The following is the list of the 22 conservation measures 
analyzed in the DSS Model, along with brief descriptions of each.  

Current Measures 
S Public outreach and school education 

o General public outreach, including 
tabling, social media, public 
presentations 

S Prohibit water waste and practices 
o Enforcement of the Water 

Conservation Ordinance 
S Tiered water rates 

o Water gets more expensive as 
usage increases for single-family 
residential meters 

S Water efficient landscape rebate 
o Customers receive a rebate for 

converting from lawn to low water 
landscaping 

S System water loss control 
o Check system for leaks, verify 

meter accuracy, theft prevention 
S Rainwater container program 

o Barrels and totes provided for free, 
rebate provided for large 
installations 

S Commercial rebates and consultations 
o Commercial properties surveyed 

for efficiency, rebates available for 
efficiency upgrades  

S Residential indoor water consultations 
o Residential properties surveyed for 

efficiency 
S High efficiency fixture giveaways 

o High efficiency showerheads, 
aerators, and pre-rinse spray 
valves provided for free 

S Hot water recirculation code 
o Hot water recirculation required in 

new construction as of 2020 
S High efficiency toilet rebate (current)  

o Toilet conversion rebates, higher 
rebates for older toilets 

 

Potential Future Measures  
S Innovation research and pilot studies 

o Pilot project to explore innovative 
technologies or practices for 
conservation 

S SmartMeters 
o Implementation of SmartMeters 

across the system and utilization of 
the data collected for efficiency 

S Outdoor water budgeting 
o Outdoor water budgeting software 

for high volume irrigators 
S Landscape and rainwater retention code 

o Improvement of landscape code 
and plant list for conservation 
outcomes 

S WaterSense showerhead and faucet code 
o Amend plumbing code to require 

WaterSense certification in new 
developments 

S School retrofits 
o Partner with K-12 and higher 

education institutions to improve 
water use efficiency 

S Government building retrofits 
o Retrofits of City owned properties 

to improve water efficiency 
S Hot water recirculation retrofits 

o Provide rebates for existing 
buildings to add hot water 
recirculation systems 

S Low income leak assistance 
o Provide financial assistance for low 

income customers to address leaks 
S Submetering 

o Submeter apartments and/or 
individual businesses in strip malls  

S High efficiency toilet rebate (new) 
o Only rebate toilets than exceed the 

plumbing code standards 
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5.4 Comparison of Individual Conservation Measures 

Presented here are the potential water saved and financial investment required for each conservation measure. 
Cost and benefit categories in this section are defined as follows: 

S Utility Costs ς those costs that the City as a water utility will incur to operate the measure, including 

administrative costs. 

S Utility Benefits ς the avoided cost of producing water at a uniquely identified rate for potable and 

reclaimed water. Information about these values can be found in the Avoided Cost discussion 

presented in Appendix A, Section A.5.5 Assumptions about Avoided Costs. 

Table 5-1 presents a comparison of the different measures and their cost of water saved. The column headings 
in the table are defined as follows: 

S Present Value (PV) of Utility Costs and Benefits ($) ς the present value of the 22-year time stream of annual 

costs or benefits, discounted to the base year. The measures start in the years as specified for each 

measure shown in Appendix E. Utility costs include administrative costs and staff labor. 

S Utility Benefit to Cost Ratio ς this is the PV of Utility Costs divided by PV of Utility Benefits over 22 years. 

S Cumulative Water Savings 2018-2040 (AF) ς water saved in acre-feet over the analysis period.  

S Water Savings in 2040 (AFY) ς water saved in acre-feet per year. The year 2040 is the selected endpoint of 

this planning effort. 

S Cost of Savings per Volume of Water Saved ($/AF) ς this is the PV of Utility Costs over 22 years divided by 

the 22-year water savings. The analysis period is 2018-2040. Thiǎ ǾŀƭǳŜ ƛǎ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ ǳǘƛƭƛǘȅΩǎ avoided 

cost of water as one indicator of the cost effectiveness of conservation efforts. It should be noted that this 

value somewhat minimizes the cost of savings because program costs are discounted to present value, but 

water benefits are not.  

MWM conducted an economic evaluation of each water conservation measure using the DSS Model. Financial 
savings from reduced water demand was quantified annually and based on avoided costs provided by the City 
for both potable and reclaimed water sources. While each measure was analyzed independently, it is important 
to note that very few measures operate independently in the real world.10 For example, Advanced Metering 
Infrastructure-based (AMI-based) irrigation and notification may lead to an outdoor survey or low water 
landscape retrofit. Higher efficiency indoor fixtures go hand-in-hand with indoor surveys and public education. 
It should also be noted that the water savings from Public Education are not double counted with other 
conservation measures. As a result, the costs appear significantly higher for Public Education than for other 
measures due to the minimal water savings estimated for the cost investment. However, other measures 
certainly would be less effective or possibly infeasible without an active Public Education program. Without 

                                                           
10 Calculations are performed as if the measures were to be implemented on a stand-alone basis (i.e., without interaction 
or overlap from other measures that might address the same end use or uses). Savings from measures which address the 
same end use(s) are not additive; the model uses impact factors to avoid double counting when estimating the water savings 
from programs of measures. This is why a measure like Public Education may show a distorted cost in comparison to water 
saved. Most, if not all, measures rely on public awareness. However, it is important to note that water savings are more 
ŘƛǊŜŎǘƭȅ ŀǘǘǊƛōǳǘŀōƭŜ ǘƻ ŀƴ άŀŎǘƛǾŜέ ƳŜŀǎǳǊŜΣ ƭƛƪŜ ŀ ǘƻƛƭŜǘ ǊŜōŀǘŜΣ ǘƘŀƴ ŀ ƭŜǎǎ άŀŎǘƛǾŜέ ƳŜŀǎǳǊŜ ƭƛƪŜ ǇǳōƭƛŎ 
education/awareness that simply informs the community of active measures. Since interaction between measures has not 
been accounted for in this section, it is not appropriate to present totals at this point. However, the values presented do 
offer a close approximation of the cost effectiveness of each measure. 
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Public Education, customers would be unaware of other conservation measures and participation would likely 
plummet.  

Additional information about the water reduction methodology, perspectives on benefits and costs, and 
assumptions about avoided costs, present value parameters, and measure costs and savings can be found in 
Appendix A ς DSS Model Overview and Assumptions.  

Table 5-1. Potable Water Conservation Measures ς Estimated Water Savings and Financial Costs 

Measure 

Present 
Value of 

Water Utility 
Benefits1 

Present 
Value of 

Water Utility 
Costs1 

Water 
Utility 

Benefit to 
Cost Ratio 

Cumulative 
Water Savings 

2018-2040 
(AF)2 

Water 
Savings 
in 2040 
(AFY)2 

Cost of 
Savings per 
Unit Volume 

($/AF)3 

Public Outreach 
and School 
Education 

$695,000 $1,997,000 0.3 1,140 60 $1,750 

Innovation 
Research and 
Pilot Studies 

$92,000 $65,000 1.4 170 10 $390 

Prohibit Water 
Waste and 
Practices 

$106,000 $129,000 0.8 210 10 $630 

System Water 
Loss Control 

$2,996,000 $1,219,000 2.5 6,210 400 $200 

SmartMeters $1,793,000 $1,151,000 1.6 3,200 200 $360 

Water Rates 
(Pricing) 

$410,000 $367,000 1.1 7,130 630 $50 

Outdoor Water 
Budgeting 

$352,000 $303,000 1.2 780 70 $390 

Water Efficient 
Landscape 
Rebate 

$17,000 $224,000 0.1 40 3 $6,060 

Rainwater 
Container 
Rebate 

$129,000 $296,000 0.4 270 20 $1,080 

Landscape and 
Rainwater 
Retention Code 

$956,000 $147,000 6.5 2,130 210 $70 

Commercial 
Rebates and 
Consultations 

$800,000 $926,000 0.9 1,480 130 $630 

School Retrofits $318,000 $347,000 0.9 620 60 $560 
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Measure 

Present 
Value of 

Water Utility 
Benefits1 

Present 
Value of 

Water Utility 
Costs1 

Water 
Utility 

Benefit to 
Cost Ratio 

Cumulative 
Water Savings 

2018-2040 
(AF)2 

Water 
Savings 
in 2040 
(AFY)2 

Cost of 
Savings per 
Unit Volume 

($/AF)3 

Government 
Building 
Retrofits 

$26,000 $141,000 0.2 50 4 $2,850 

Residential 
Indoor Water 
Consultations 

$61,000 $33,000 1.8 100 10 $330 

High Efficiency 
Fixture 
Giveaway w/ 
Spray Nozzles 

$524,000 $118,000 4.5 930 60 $130 

High Efficiency 
Toilet Rebate 
(Current) 

$28,000 $29,000 1.0 40 2 $690 

High Efficiency 
Toilet Rebate 
(New) 

$230,000 $118,000 2.0 420 40 $280 

Hot Water 
Recirculation 
Code 

$893,000 $7,000 126.9 1,620 150 $4 

Hot Water 
Recirculation 
Retrofits 

$17,000 $102,000 0.2 30 3 $3,240 

Showerhead 
and Faucet 
WaterSense 
Code 

$1,334,000 $197,000 6.8 2,430 230 $80 

Leak Assistance $23,000 $135,000 0.2 40 3 $3,280 

Submetering $22,000 $169,000 0.1 40 3 $4,260 

1 Value is in current dollars of the total avoided costs (benefits) over the model analysis period of 22 years. Values are 
rounded to the nearest $1,000. 
2 Values are rounded to the nearest 10 AF. 
3 Values are rounded to the nearest $10/AF except the Hot Water Recirculation Code measure.  
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Figure 5-1 presents in graphical format the benefit-cost ratio of each Potable Water DSS Model conservation 
measure. 

Figure 5-1. Comparison of Potable Water Conservation Measure Analysis Utility Benefit-Cost Ratios 
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6 CONSERVATION PROGRAM EVALUATION 

After the conservation measures were evaluated for water savings and financial costs, they were placed together 
in various configurations, or programs. The programs were designed to illustrate the total costs and savings for 
ǘƘŜ ŎǳǊǊŜƴǘ ǿŀǘŜǊ ŎƻƴǎŜǊǾŀǘƛƻƴ ǇǊƻƎǊŀƳ ŀƴŘ ŦƻǊ ŀ ŦǳǘǳǊŜ ƻǊ άƻǇǘƛƳƛȊŜŘέ ŎƻƴǎŜǊǾŀǘƛƻƴ ǇǊƻƎǊŀƳ ǘƘŀǘ ƘŀŘ ŀƴ 
improved benefit-cost ratio.  

6.1 Selection of Conservation Measures for the Optimized Conservation Program 

The following key items were taken into consideration during measure selection for the Optimized Conservation 
Program: 

S Existing conservation measures 

S Conservation measures recommended by AWWA, AWE, the United States Bureau of Reclamation 

(USBR), and others 

S New and innovative measures  

S Measure equitability among customer categories 

S Customer demographics  

S Alignment with the voluntary AWWA G480-13 Water Conservation Program Operation and 

Management Standard (AWWA, 2013) 

S Coordination with AWE G-480 leaderboard review process for national recognition11 

Using the data gathered, MWM created a list of all potential program concepts that were appropriate for the 
/ƛǘȅΩǎ service area to meet future regulatory and conservation compliance mandates. The list included existing 
program elements and traditional conservation measures as well as concepts that had not been implemented 
or considered by the City yet. Factors for determining which measure should be in each program included 
budgeting, feasibility to implement the program, and the time at which each measure would need to be 
introduced to promote conservation efforts. Programs also needed to address water conservation across all 
relevant customer categories. The results of the program analysis were reviewed, at which point the City 
adjusted the program contents to determine which measures would be in either of the two conservation 
program scenarios. MWM then compiled descriptions and parameters of the programs. 

These program scenarios were not intended to be rigid but rather dynamic and used to demonstrate the range 
in savings that could be generated if selected measures were run at the same time. When programs were 
analyzed, any overlap in water savings (and benefits) from individual measures was considered to provide a total 
combined water savings (and benefits).  

Both of the modeled conservation programs are described below:12 

S Current Conservation Program ς Current conservation program with no changes (except to comply 

with 2018 International Building Code (IBC) code requiring hot water recirculation on all new 

development); includes 11 measures. 

S Optimized Conservation Program ς In addition to continuing most existing measures, this program 

includes measures that will be required by law, are more customer-centric, and are more innovative. 

For example, this program supports innovation research and pilot studies as well as incentivizing ultra-

                                                           
11 G480 Standard and AWE Leaderboard web page: https://www.allianceforwaterefficiency.org/resources/topic/g480-
standard-and-awe-leaderboard 

12 An additional program scenario was analyzed that included all measures modeled in this effort for a total of 22 measures. 
This program scenario is not included in this Plan. 

https://www.allianceforwaterefficiency.org/resources/topic/g480-standard-and-awe-leaderboard
https://www.allianceforwaterefficiency.org/resources/topic/g480-standard-and-awe-leaderboard
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high efficiency toilets; includes 16 total measures. It is intended this is optimized program is reviewed 

annually for new innovative measures and technologies, whereas ǘƘŜ /ƛǘȅΩǎ ǇǊƻƎǊŀƳ ƳƻǾŜǎ ŦƻǊǿŀǊŘ ŀǎ 

a dynamic scenario that will evolve over time. 

The following table ǇǊŜǎŜƴǘǎ ǘƘŜ /ƛǘȅΩǎ potable water system conservation measure program scenarios, 
indicating which measures were selected and modeled within each program.  

Table 6-1. Selected Conservation Program Measures 

Measures 
Current 

Conservation 
Program 

Optimized 
Conservation 

Program 

Public Outreach and School Education X X 

Innovation Research and Pilot Studies  X 

Prohibit Water Waste and Practices X X 

System Water Loss Control X X 

SmartMeters  X 

Water Rates (Pricing) X X 

Outdoor Water Budgeting  X 

Water Efficient Landscape Rebate X X 

Rainwater Container Rebate X  

Landscape and Rainwater Retention Code  X 

Commercial Rebates and Consultations X X 

School Retrofits  X 

Residential Indoor Water Consultations X X 

High Efficiency Fixture Giveaway w/Spray Nozzles X X 

Current High Efficiency Toilet Rebate X  

New High Efficiency Toilet Rebate  X 

Hot Water Recirculation Code X X 

Showerhead and Faucet WaterSense Code  X 

6.2 Results of Potable Water System Conservation Program Evaluation 

Figure 6-1 presents historical and projected water demand in AFY given multiple demand and conservation 
scenarios as well as the estimated annual savings in acre-feet per year. Plumbing code elements include current 
local, state, and federal plumbing code standards for retrofits of items such as toilets, showerheads, faucets, 
and pre-rinse spray valves. Additional details are presented in Appendix C in five-year increments for plumbing 
codes only with no active conservation activity and for plumbing codes with the various conservation programs. 
Also presented in Appendix C are City and customer benefit-cost ratios for each program as well as the present 
value of water savings and utility costs.  
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Figure 6-1. City Historical and Projected Potable Demand (AFY) 

 

Figure 6-2 illustrates how marginal returns change as more money is invested to achieve water savings in AFY in 

2040. A cost-ŜŦŦŜŎǘƛǾŜƴŜǎǎ ŎǳǊǾŜ ŘƛǎǇƭŀȅǎ ǘƘŜ ǊŜǎǳƭǘǎ ƻŦ ǘƘŜ ǇǊŜǎŜƴǘ ǾŀƭǳŜ ƻŦ ŜŀŎƘ ǇǊƻƎǊŀƳΩǎ Ŏƻǎǘǎ ǾŜǊǎǳǎ ǘƘŜ 

cumulative water savings at the end of the planning period. This curve is helpful in determining how far to push 

ǘƘŜ άŎƻƴǎŜǊǾŀǘƛƻƴ ŜƴǾŜƭƻǇŜέ ŀǎ ǘƘŜ Ǉƻint of diminishing economic returns is evident. As the figure shows, the 

costs increase as the water savings increase from the Current Conservation Program to the Optimized 

Conservation Program, which corresponds to increasing the budget, staffing, and participation in the 

conservation programs.  






































































